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INLET—NAI EXHAUST HOLE DEFINITION
FOR REDUCED D-DUCT RESONANCE
NOISE AND DILUTED EXHAUST PLUME
FOR THERMAL CONTROL

FIELD

The present disclosure relates to nacelles and, more
particularly, to exit holes located on inlets of nacelles to
provide an exit path for de-icing hot gas. 10

BACKGROUND

Gas turbine engine systems for modern aircraft often
include a nacelle. The nacelle provides various functionali- 15
ties such as reducing engine noise, providing a smooth
surtface for airflow through and around a gas turbine engine,
thrust reversing capabilities, and the like. In certain situa-
tions, ice 1s capable of forming on nacelles. For example, in
response to moisture being present at relatively high alti- 20
tudes, 1ce may form on or in the inlet of the nacelle. In that
regard, inlets of nacelles may be designed to include a
de-icing system that uses hot bleed air from the gas turbine
engine to heat the leading edge (nose-lip) of the inlet to
reduce or eliminate such ice formation. Exit holes are 25
provided for an exit path for the spent anti-icing hot air tlow.

SUMMARY

Disclosed herein 1s an 1nlet for use with a nacelle having 30
an axis. The inlet includes an outer barrel. The inlet further
includes a lip skin defining a plurality of elongated exit holes
including a first circumierential outer hole, a second cir-
cumierential outer hole, and a plurality of center holes
located between the first circumierential outer hole and the 35
second circumierential outer hole, the first circumferential
outer hole being located at least 10 degrees of an entire
circumierence of the ilet away from the second circumfier-
ential outer hole.

In any of the foregoing embodiments, the first circumier- 40
ential outer hole 1s located at least 15 degrees of the entire
circumierence of the inlet away from the second circumier-
ential outer hole.

In any of the foregoing embodiments, the plurality of
clongated exit holes face radially outward. 45
In any of the foregoing embodiments, each of the plurality
of elongated exit holes has a first dimension measured 1n a
direction parallel to the axis and a circumierential dimension

measured 1n a circumierential direction of the ilet.

In any of the foregoing embodiments, the axial dimension 50
1s at least three times the size of the circumierential dimen-
S101.

In any of the foregoing embodiments, each of the plurality
of elongated exit holes has a rounded, elongated shape.

In any of the foregoing embodiments, the plurality of 55
clongated exit holes are non-uniformly distributed about a
portion of the lip skin.

In any of the foregoing embodiments, each of the plurality
of elongated exit holes 1s configured to port spent gas from
the 1nlet. 60

In any of the foregoing embodiments, the plurality of
center holes includes: a first circumierential nner hole
located adjacent to the first circumierential outer hole, a
second circumierential mner hole located adjacent to the
second circumierential outer hole, and a plurality of middle 65
holes located between the first circumiferential mner hole
and the second circumierential inner hole; an outer distance

2

exists between the first circumiferential outer hole and the
first circumierential inner hole, and a similar outer distance
exists between the second circumierential outer hole and the
second circumierential inner hole; and an inner distance
between each of the plurality of middle holes 1s less than the
outer distance.

In any of the foregoing embodiments, a middle distance
exists between the first circumierential inner hole and the
plurality of middle holes and 1s greater than the inner
distance.

Also disclosed 1s an inlet for use with a nacelle having an
axis. The inlet includes an outer barrel. The inlet further
includes a lip skin defining a plurality of elongated exit holes
including a first circumierential outer hole, a second cir-
cumierential outer hole, and a plurality of center holes
located between the first circumierential outer hole and the
second circumiferential outer hole, the first circumierential
outer hole being located at least 10 degrees of an entire
circumierence of the inlet away from the second circumfier-
ential outer hole, and each of the plurality of elongated exit
holes having an axial dimension that is greater than a
circumierential dimension.

In any of the foregoing embodiments, the first circumier-
ential outer hole 1s located at least 15 degrees of the entire
circumierence of the inlet away from the second circumfier-
ential outer hole.

In any of the foregoing embodiments, the plurality of
clongated exit holes face radially outward.

In any of the foregoing embodiments, the axial dimension
1s at least two times a size of the circumierential dimension.

In any of the foregoing embodiments, each of the plurality
of elongated exit holes has a rounded elongated shape.

In any of the foregoing embodiments, the plurality of
clongated exit holes are non-uniformly distributed about a
portion of the lip skin.

In any of the foregoing embodiments, the plurality of
center holes includes: a first circumierential imner hole
located adjacent to the first circumierential outer hole, a
second circumierential inner hole located adjacent to the
second circumierential outer hole, and a plurality of middle
holes located between the first circumierential inner hole
and the second circumierential inner hole; an outer distance
exists between the first circumiferential outer hole and the
first circumfierential inner hole, and a similar outer distance
exists between the second circumierential outer hole and the
second circumierential inner hole; and an inner distance
between each of the plurality of middle holes 1s less than the
outer distance.

Also disclosed 1s a nacelle for use with a gas turbine
engine. The nacelle includes a fan cowl. The nacelle further
includes a thrust reverser. The nacelle further includes an
inlet. The inlet includes an outer barrel. The inlet further
includes a lip skin defining a plurality of elongated exit holes
including a first circumierential outer hole, a second cir-
cumierential outer hole, and a plurality of center holes
located between the first circumierential outer hole and the
second circumierential outer hole, the first circumierential
outer hole being located at least 10 degrees of an entire
circumierence of the mlet away from the second circumfier-
ential outer hole.

In any of the foregoing embodiments, the first circumier-
ential outer hole 1s located at least 15 degrees of the entire
circumierence of the mlet away from the second circumfier-
ential outer hole.

In any of the foregoing embodiments, each of the plurality
of elongated exit holes has an axial dimension and a cir-
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cumierential dimension, the axial dimension being at least
two times a size of the circumierential dimension.

The foregoing features and elements may be combined in
various combinations without exclusivity, unless expressly
indicated otherwise. These features and elements as well as
the operation thereof will become more apparent 1n light of
the following description and the accompanying drawings. It
should be understood, however, the following description

and drawings are intended to be exemplary 1n nature and
non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure 1s particularly
pointed out and distinctly claimed 1n the concluding portion
of the specification. A more complete understanding of the
present disclosure, however, may best be obtained by refer-
ring to the detailed description and claims when considered
in connection with the drawing figures, wherein like numer-
als denote like elements.

FIG. 1 illustrates a perspective view of an aircraft in
accordance with various embodiments;

FIG. 2 1illustrates a side view of the aircrait of FIG. 1
including a nacelle in accordance with various embodi-
ments;

FIG. 3 illustrates a perspective view of a portion of an
inlet of the nacelle of FIG. 2 including an outer barrel and
a lip skin that defines a plurality of exit holes 1n accordance
with various embodiments; and

FI1G. 4 illustrates close up view of a portion of the lip skin
of FIG. 3 1n accordance with various embodiments.

DETAILED DESCRIPTION

The detailed description of various embodiments herein
makes reference to the accompanying drawings, which show
various embodiments by way of illustration. While these
vartous embodiments are described in suflicient detail to
enable those skilled in the art to practice the inventions, 1t
should be understood that other embodiments may be real-
1zed and that logical, chemical and mechanical changes may
be made without departing from the spirit and scope of the
inventions. Thus, the detailed description herein 1s presented
for purposes of illustration only and not of limitation. For
example, the steps recited in any of the method or process
descriptions may be executed i any order and are not
necessarily limited to the order presented.

Furthermore, any reference to singular includes plural
embodiments, and any reference to more than one compo-
nent or step may include a singular embodiment or step.
Also, any reference to attached, fixed, connected or the like
may 1nclude permanent, removable, temporary, partial, full
and/or any other possible attachment option. Additionally,
any reference to without contact (or similar phrases) may
also include reduced contact or minimal contact.

In various embodiments and with reference to FIG. 1, an
aircrait 100 may comprise a fuselage 112 and a pair of wings
114. A propulsion system 120 (e.g., a turbofan gas turbine
engine with a nacelle assembly) may be coupled to the
aircraft 100 (e.g., mounted on the underside of a wing 114).
The propulsion system 120 may be configured to provide at
least one of forward thrust or propulsion for the aircrait 100.

In various embodiments, the propulsion system 120 may
comprise an engine including a fan 118 and an engine core
116, housed within a nacelle assembly 122. With reference
to FIGS. 1 and 2, the typical nacelle assembly, or more
simply a nacelle assembly 122, may comprise an inlet 124,
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a Tan cowl 220, a thrust reverser 233, and an exhaust system.
The nacelle assembly 122 surrounds the engine core 116
providing smooth aerodynamic surfaces for airflow around
and mto the engine. The nacelle also helps define a bypass
air duct through the propulsion system 120.

The inlet 124 has a center 128 and a diameter 126 that
extends through the center. The diameter of the inlet 124
may be, for example, between 60 inches (1.52 meters (m))
and 120 inches (3 m), between 70 inches (1.8 m) and 90
inches (2.3 m), or about 80 inches (2.0 m).

In various embodiments, the fan 118 may draw and direct
a flow of air into and through the propulsion system 120.
After the fan 118, the air 1s divided 1nto two principal flow
paths, one flow path through engine core 116 (1.e., a “core
airflow”), and another flow path through a bypass air duct
(1.e., a “bypass airflow”). The engine core tlow path 1s
directed into the engine core 116 and 1nitially passes through
a compressor that increases the air flow pressure, and then
through a combustor where the air 1s mixed with fuel and
ignited. The combustion of the fuel and air mixture causes
a series of turbine blades at the rear of the engine core 116
to rotate, and to drive the engine’s compressor and fan 118.
The high-pressure exhaust gases from the combustion of the
fuel and air mixture are thereafter directed through an
exhaust system ait of the engine for thrust.

In various embodiments and with reference to FIG. 2, a
thrust reverser system 235 of the aircraft 100 may be
included in the nacelle assembly 122 and may include a
translating sleeve 230 and a cascade, or cascade array, 240.
The nacelle assembly 122 may include an axis 260. The
thrust reverser system 235 may also comprise an air diver-
s1on system that 1s configured to direct airflow in the bypass
duct through the cascade to create reverse thrust. The air
diversion system may be any suitable system including, for
example, blocker doors, diversion doors, and/or the like. An
A-R-C axis as shown 1n various drawings to illustrate the
axial, radial, and circumierential directions, respectively.

Retferring to FIG. 3, the nlet 124 may include an outer
barrel 300 and a lip skin 306. The outer barrel 300 may
include a plurality of composite panels 302 which included

a composite material, such as a carbon fiber and epoxy. The
outer barrel 300 may further include a plurality of metal
panels 304 which may include a metal matenal, such as
aluminum or steel.

Referring to FIGS. 2 and 3, the inlet 124 may have a
bottom 2350. The bottom 250 may be the portion of the nlet
124 that 1s nearest to a ground surface in response to the
aircraft 100 being at rest on the ground surface.

The lip skin 306 may define a plurality of elongated exit
holes 305 that are centered around the bottom 250 of the
inlet 124. The plurality of exit holes 305 may include a first
circumfierential outer hole 308, a second circumierential
outer hole 310, and a plurality of center holes 312 oriented
circumierentially between the first circumiferential outer
hole 308 and the second circumierential outer hole 310.

The plurality of exit holes 305 may face radially outward.
Stated differently, the plurality of exit holes 305 may face
away Irom the center 128 of the inlet 124 as shown in FIG.
1.

The plurality of center holes 312 may include a first
circumierential inner hole 314 located adjacent to the first
circumferential outer hole 308, a second circumiferential
inner hole 316 located adjacent to the second circumierential
outer hole 310, and a plurality of middle holes 318. In
various embodiments, the plurality of middle holes 318 may
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include four middle holes 318. In that regard and 1n various
embodiments, the plurality of elongated exit holes 305 may
include eight exit holes.

Heated gas from the core 116 of the gas turbine engine of
FIG. 1 may flow through a portion of the nacelle assembly
122 to reduce the likelithood of ice forming on the nacelle
assembly 122. For example, a ducting system may provide
engine hot bleed air to the inlet 124 to reduce the likelihood
of 1ce forming on the mlet 124. Each of the plurality of exit
holes 305 may provide a path for the heated gas to exit the
nacelle assembly 122. In that regard, the plurality of exat
holes 305 may port the heated gas out of the nacelle
assembly 122.

The outer barrel 300 may include the metal panels 304
proximate to the plurality of exit holes 3035 due to the heat
produced through the exit holes 305. These panels may
include metal because metal 1s more resistant to heat damage
(such as de-lamination, blistering, softening, embrittlement,

paint blistering, discoloration, etc.) than many composite
materials. The locations of the inlet 124 that are distal
relative to the elongated exit holes 305 are exposed to lower
temperatures than the metal panels 304 and may thus include
composite materials.

As described above, the plurality of elongated exit holes
305 may extend about a portion of a circumierence of the
inlet 124. In particular, the plurality of elongated exit holes
305 may extend for an angular distance 320 about the
circumierence of the inlet 124. Stated differently, the angular
distance 320 may extend from the first circumierential outer
hole 308 to the second circumierential outer hole 310. The
angular distance 320 may be between 5 degrees and 30
degrees of the entire circumierence of the inlet 124, between
10 degrees and 20 degrees of the entire circumierence of the
inlet 124, or about 15 degrees of the entire circumierence of
the inlet 124. Where used 1n this context, the term *“about™
refers to the stated value plus or minus five percent of the
stated value.

Because the angular distance 320 1s relatively large, the
hot exhaust from the elongated exit holes 305 may mix more
quickly with oncoming ambient air to reduce heating of the
nacelle assembly 122 1n order to keep the nacelle assembly
122 at a lower temperature.

Additionally, the plurality of elongated exit holes 305 may
be non-uniformly distributed about a portion of the lip skin
306. Such non-uniform distribution of the elongated exit
holes 305 may provide advantages such as reduced noise,
increased mixing with ambient air, or the like.

An outer distance 322 may exist between the first cir-
cumierential outer hole 308 and the first circumierential
inner hole 314. A similar distance may extend between the
second circumierential outer hole 310 and the second cir-
cumierential mner hole 316. A middle distance 326 may
extend between the first circumierential inner hole 314 and
the middle holes 318. An mner distance 324 may extend
between each of the middle holes 318.

In various embodiments, the outer distance 322 may be
greater than or equal to the inner distance 324. In various
embodiments, the outer distance 322 may be greater than or
equal to the middle distance 326. In various embodiments,
the middle distance 326 may be greater than or equal to the
inner distance 324. In various embodiments, the outer dis-
tance 322, the middle distance 326, and the inner distance
324 may be the same.

Turning now to FIG. 4, an enlarged view of the lip skin
306 1llustrates various features of the plurality of elongated
exit holes 305. In particular, the elongated exit holes 3035
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have an axial distance or dimension 400 and a circumier-
ential distance or dimension 402.

In various embodiments, the axial distance 400 may be
between 1 inch (25.4 millimeters (mm)) and 3 inches (76.2
mm), between 1.5 inches (38.1 mm) and 2.5 inches (63.5
mm), or about 2.06 inches (32.3 mm).

In various embodiments, the circumferential distance 402
may be between 0.2 inches (5.1 mm) and 1 inch (25.4 mm),
between 0.3 inches (7.6 mm) and 0.8 inches (20 mm), or
about 0.56 1mches (14.2 mm).

In various embodiments, a ratio of the axial distance 400
to the circumierential distance 402 may be greater than 2,
may be greater than 3, or may be greater than 3.5.

The plurality of elongated exit holes 305 may have
rounded corners.

The elongated, rounded design of the elongated exit holes
305 provides advantages. For example, as air flows over
circular exit holes, an undesirable “whistling” noise may be
heard. Use of the elongated exit holes 305 having the
rounded shape reduces or eliminates such undesirable noise.

In some embodiments, other variations of exit holes may
be used to achieve the benefits provided by the elongated
exit holes 305 (including reduction in the undesirable noise
and optimized air flow mixing). For example, a different
quantity of exit holes may be used. As another example,
these benefits may be achieved by using a different, non-
uniform spacing of exit holes. As yet another example, these
benefits may be achieved by using different shaped exit
holes 305. For example, such exit holes may be elongated in
different directions, may have a circular cross section, may
have a rectangular cross section, may have a triangular cross
section, may have a teardrop shape, or the like.

In the detailed description herein, references to “‘one
embodiment”, “an embodiment”, “various embodiments”,
etc., indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular
feature, structure, or characteristic. Moreover, such phrases
are not necessarily referring to the same embodiment. Fur-
ther, when a particular feature, structure, or characteristic 1s
described in connection with an embodiment, 1t 1s submaitted
that 1t 1s within the knowledge of one skilled 1n the art to
aflect such feature, structure, or characteristic 1n connection
with other embodiments whether or not explicitly described.
After reading the description, 1t will be apparent to one
skilled 1n the relevant art(s) how to implement the disclosure
in alternative embodiments.

Benefits, other advantages, and solutions to problems
have been described herein with regard to specific embodi-
ments. Furthermore, the connecting lines shown in the
various ligures contained herein are intended to represent
various functional relationships and/or physical couplings
between the various elements. It should be noted that many
alternative or additional functional relationships or physical
connections may be present in a practical system. However,
the benefits, advantages, solutions to problems, and any
clements that may cause any benefit, advantage, or solution
to occur or become more pronounced are not to be construed
as critical, required, or essential features or elements of the
inventions. The scope of the mnventions 1s accordingly to be
limited by nothing other than the appended claims, in which
reference to an element 1n the singular 1s not intended to
mean “‘one and only one” unless explicitly so stated, but
rather “one or more.” Moreover, where a phrase similar to
“at least one of A, B, or C” 1s used in the claims, it 1s
intended that the phrase be iterpreted to mean that A alone
may be present in an embodiment, B alone may be present
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in an embodiment, C alone may be present in an embodi-
ment, or that any combination of the elements A, B and C
may be present 1n a single embodiment; for example, A and
B, Aand C, B and C, or A and B and C. Daiflerent
cross-hatching 1s used throughout the figures to denote
different parts but not necessarily to denote the same or
different matenials.

Furthermore, no element, component, or method step in
the present disclosure 1s mntended to be dedicated to the
public regardless of whether the element, component, or
method step 1s explicitly recited in the claims. No claim
clement herein 1s to be construed under the provisions of 35
U.S.C. 112 (1) unless the element 1s expressly recited using,
the phrase “means for.” As used herein, the terms “com-
prises’, “comprising”’, or any other vanation thereof, are
intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a list of
clements does not include only those elements but may

include other elements not expressly listed or inherent to
such process, method, article, or apparatus.

What 1s claimed 1s:

1. An inlet for use with a nacelle having an axis, com-
prising:

an outer barrel; and

a lip skin defining a plurality of elongated exit holes

including a first circumierential outer hole, a second
circumierential outer hole, and a plurality of center
holes located between the first circumferential outer
hole and the second circumferential outer hole, the first
circumierential outer hole being located between 5
degrees and 30 degrees of an entire circumierence of
the inlet away from the second circumierential outer
hole, and each of the plurality of elongated exit holes
having a rounded shape, a first dimension measured in
a direction parallel to the axis, and a circumierential
dimension measured in a circumierential direction of
the inlet such that the first dimension of each of the
plurality of elongated exit holes 1s at least three times
a size of the circumierential dimension, wherein:
the plurality of center holes 1ncludes:

a first circumierential inner hole located adjacent to
the first circumierential outer hole, the first cir-
cumiferential inner hole spaced apart from the first
circumierential outer hole by an outer distance,

a second circumierential inner hole located adjacent
to the second circumfterential outer hole, the sec-
ond circumierential inner hole spaced apart from
the second circumierential outer hole by the outer
distance,

a first pair of middle holes located between the first
circumierential inner hole and the second circum-
ferential inner hole, the first pair of middle holes
spaced apart by an iner distance, and

a second pair of middle holes located between the
first circumiferential 1nner hole and the second
circumierential inner hole, the second pair of
middle holes spaced apart by the mnner distance,
the outer distance being greater than the inner
distance.

2. The 1nlet of claim 1, wherein the first circumferential
outer hole 1s located at least 15 degrees of the entire
circumierence of the ilet away from the second circumfier-
ential outer hole.

3. The inlet of claim 1, wherein the plurality of elongated
exit holes face radially outward.
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4. The inlet of claim 1, wherein the plurality of elongated
exit holes are non-umiformly distributed about a portion of
the lip skian.

5. The inlet of claim 1, wherein each of the plurality of
clongated exit holes 1s configured to port spent gas from the
inlet.

6. The inlet of claim 1, wherein a middle distance exists
between the first circumierential inner hole and a first hole
in the first pair of middle holes and 1s greater than the inner
distance.

7. An 1nlet for use with a nacelle having an axis, com-
prising:

an outer barrel; and

a lip skin defining a plurality of elongated exit holes

including a first circumierential outer hole, a second

circumierential outer hole, and a plurality of center
holes located between the first circumferential outer
hole and the second circumferential outer hole, the first
circumierential outer hole being located between 5
degrees and 30 degrees of an entire circumierence of
the 1nlet away from the second circumierential outer
hole, and each of the plurality of elongated exit holes
having an eclongated shape with rounded edges,

wherein:

the plurality of center holes 1ncludes:

a first circumierential mnner hole located adjacent to
the first circumierential outer hole, the first cir-
cumierential inner hole spaced apart from the first
circumierential outer hole by an outer distance,

a second circumierential inner hole located adjacent
to the second circumferential outer hole, the sec-
ond circumierential inner hole spaced apart from
the second circumierential outer hole by the outer
distance,

a first pair of middle holes located between the first
circumierential inner hole and the second circum-
ferential 1inner hole, the first pair of middle holes
spaced apart by an mner distance, and

a second pair of middle holes located between the
first circumiferential 1nner hole and the second
circumierential inner hole, the second pair of
middle holes spaced apart by the inner distance,
the outer distance being greater than the inner
distance.

8. The inlet of claim 7, wherein the first circumferential
outer hole 1s located at least 15 degrees of the entire
circumierence of the mlet away from the second circumfier-
ential outer hole.

9. The inlet of claim 7, wherein the plurality of elongated
exit holes face radially outward.

10. The 1nlet of claim 7, wherein an axial dimension of
cach of the plurality of elongated exit holes 1s at least two
times a size of a circumierential dimension.

11. The inlet of claim 7, wherein the plurality of elongated
exit holes are non-umiformly distributed about a portion of
the lip skin.

12. A nacelle for use with a gas turbine engine, the nacelle
defining an axis, the nacelle comprising:

a fan cowl;

a thrust reverser; and

an inlet having;:

an outer barrel, and
a lip skin defining a plurality of elongated exit holes
including a first circumierential outer hole, a second
circumierential outer hole, and a plurality of center
holes located between the first circumierential outer
hole and the second circumferential outer hole, the
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first circumierential outer hole being located
between 5 degrees and 30 degrees of an entire
circumierence of the inlet away from the second
circumierential outer hole, and each of the plurality
ol elongated exit holes having a rounded shape, a
first dimension measured in a direction parallel to the
axis, and a circumierential dimension measured in a
circumierential direction of the inlet such that the
first dimension of each of the plurality of elongated
exit holes 1s at least three times a size of the
circumferential dimension, wherein:

the plurality of center holes includes:

a first circumiferential iner hole located adjacent
to the first circumfierential outer hole, the first
circumierential inner hole spaced apart from the
first circumierential outer hole by an outer

distance,
a second circumierential inner hole located adja-

cent to the second circumferential outer hole,

10

the second circumierential inner hole spaced
apart from the second circumierential outer
hole by the outer distance,

a first pair of middle holes located between the

5 first circumierential inner hole and the second

circumierential inner hole, the first pair of
middle holes spaced apart by an inner distance,
and
a second pair of middle holes located between the
10 first circumierential inner hole and the second
circumierential mner hole, the second pair of
middle holes spaced apart by the inner distance,
the outer distance being greater than the inner
distance.

15 13. The nacelle of claam 12, wherein the first circumier-
ential outer hole 1s located at least 15 degrees of the entire
circumierence of the ilet away from the second circumfier-
ential outer hole.
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